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Abstract 
The article deals with problem posing as a teachers  activity. Three categories of problem posers are considered according to 
their experience level  novices, specialists and experts. Three idea types  trial-error, semi-intentional and intentional ideas are 
analyzed in order to demonstrate differences between problem posing trajectories of the three groups. The idea types are 
illustrated by means of a case study. 
1. Introduction 
Problem posing is an important part of teachers
Teachers are viewed as skilled problem posers. Still there are differences among them  it is obvious that a teacher 
preparing problems for a mathematical competition has much more experience with problem posing than a teacher 
who poses problems only for usual exams in his class. It is likely that the problem posing process of these two 
differs. The problem posing process of complete novices is likely to differ from both of them. Some of the 
differences regarding idea types are shown in the article. 
2. Theoretical framework 
There are several studies regarding problem posing process. Pelczer and Gamboa (2009) suggest a 
model of problem posing process consisting of five stages (not necessarily parsed in sequential order): setup, 
transformation, formulation, evaluation and final assessment. The authors use their model to compare problem 
posing process of novices and skilled problem posers. The main result is that skilled problem posers and novices use 
different trajectories while posing a problem. (Note: 
) 
The problem posing process of novices is mostly linear (e.g. setup  formulation  evaluation). There are usually 
very few transformations. It occurs very often that a novice suggests a problem, tries to solve it, and if the problem 
is not good, he/she abandons the idea and performs a completely new setup stage. The problem posing process of 
skilled problem posers is cyclic. They use transformations, switch over various phases of the model, learn from their 
own mistakes.  
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Another scheme is suggested by Ramirez (2006). This scheme contains the following phases: selection, 
classification, association, searching and posing, with transformations among various stages. Zhouf (2010) offers a 
more practical list which describes stages that occur during posing difficult problems for gifted students. (e. g. get 
the general topic clear, get the concrete topic clear, analyze the chosen topic, etc.). Pelczer and Rodrigues (2008) 
describe the problem posing process of mathematically highly gifted students and distinguish generative and 
analytical phases of problem posing (during the generative phases new material is produced, analytical ones are 
phases of revisions.) Leung (1994) uses sequences of problems in order to show that future elementary teachers who 
score well in a mathematical test show the more systematic problem posing process than the students who don`t.  
3. Terminology  
For the purposes of this research, terms specialists and experts are introduced.  
 In view with Pelczer and Gamboa (2009), the novice means a person who has no experience with 
problem posing and is not a successful Olympiad participant either. 
 The specialist has some experience with problem posing but does not practice it more than the teaching 
profession requires. 
 The expert has professional experience with problem posing. He/she is, for instance, the author of 
mathematical textbooks or prepares problems for mathematical competitions. 
4. Methodology 
This study is a part of wider research whose research question is: What are the differences in problem posing 
trajectories of specialists, experts and novices? 
The research consists of three phases. In the pilot phase, various types of problem posing tasks and ways of 
collecting data were tried in order to find the most appropriate way to answer the research question. The data of the 
first phase, which is the focus of this article, consist of self-reflections and questionnaires. The second phase is 
planned for 2013 and will consist of deeper qualitative studies of selected problem posers. 
In total, 59 respondents took part in the first phase. They were 21 experts (20 were people preparing problems 
for the Czech Mathematical Olympiad or other mathematical competitions and one was a teacher from a specialized 
mathematical secondary school from Austria), 15 specialists (mainly lower secondary school and secondary 
grammar school teachers, i.e. teachers of pupils from 6th to 13th grade) and 23 novices (22 first year students of 
mathematic teaching from the Faculty of Education in Prague and one secondary grammar school student).  
The participants were asked to create a word problem for pupils who were approximately 15 years old. The 
problem had to be difficult, interesting and original, not a "regular" textbook one (ideally a problem that could be 
used in a mathematical competition.) They were also asked to provide the solution and a written self-reflection of 
their problem posing process. They were encouraged to write everything what was going on in their head while 
posing the problem. The last part of their task was to fill in a questionnaire consisting of two parts  the actual 
problem posing process and  their problem posing process in general. The participants were free to write the self-
reflection during their problem posing work or immediately after finishing it. But they were asked not to open the 
questionnaire form before finishing these two activities. The whole work could be done at home. 
The length of the self-reflections was not given  it varied from one page up to five pages. 
The novices participated in the experiment as a part of their class work. The specialists and experts were 
volunteers. Obviously, the experiment was quite time-consuming for the participants (3 hours on average but with 
quite a big dispersion as found from the questionnaire results). 
Surprisingly, it was easier to find participants from the expert group than from the group of specialists. The 
teachers with little experience of problem posing were reluctant to do the work. Most of them were used to posing 
typical problems for their pupils but the task to pose an original problem which could be used in a competition 
frightened them. This is the reason why the specialists group does not include less experienced ones. 
It is obvious that the number of respondents is too small for any statistical processing and thus, a qualitative analysis 
was used. Each respondent provided quite a large quantity of material which allowed for a deep insight into their 
problem posing process and for determining some trends in it. 
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participant trajectories of problem posing process were determined and described with 
respect to idea types. The information from the written self-reflections and the questionnaires was compared. 
Several case studies were done  these were enriched with interviews. 
5. Results 
Based on the analysis, three idea types emerged: 
1. Trial-error ideas are those which appear seemingly by chance, and the person is not aware of their 
consequences. They might have a slight connection to previous ideas. For example, the person draws 
geometrical pictures, changes the shape he/she works with. He/she does not know whether this is a right 
way to create a problem or a blind alley. He/she just tries something and looks what happens. 
2. Intentional ideas are ideas of whose worth the person is fully aware. For example, the poser knows he/she 
wants the result to be a natural number not smaller than 10. He/she makes a backwards computation of 
his/her nearly finished problem and searches for the conditions the numbers in the final problem must 
fulfill. He/she may actually solve an equation with a parameter to find the suitable numbers. (The 
intentional ideas are very closely related to problem solving, not only to problem posing.) 
3. Semi-intentional ideas are neither trial-error nor intentional ones. There are some indications of intent, but 
not quite. These ideas have a strong connection with previous work. The poser has a slight awareness of 
consequences  he/she anticipates what happens if the idea is used but is not sure. He/she is partly trying 
but partly knows what the idea might be good for. (Most of ideas in a problem posing process  at least 
in case of skilled posers  occur to be semi-intentional ones.) 
 
The most explicit trend found as a difference between problem posing trajectories of the studied groups concerns 
intentional ideas.  It seems that the more skilled the problem poser is, the more likely it is that an intentional idea 
occurs. In case of novices there were no signs of intentional ideas. Two respondents from the group of specialists 
used them  both in an algebraic context. The experts used intentional ideas in 6 cases  five times in an algebraic 
context, once in a geometric one. 
Experts are able to perform intentional ideas in various contexts. It seems that they have quite a complex set of 
quality standards for the problems. (This is meant to be one of the consequent research subquestions.) They know 
exactly how they want the problem to look and they know how to achieve it, so during the final problem posing 
stages they may use intentional ideas. 
There is a big difference in generating trial-error ideas between experts and novices groups as well.  
A trial-error idea is quite a frequent way to start problem posing work. The poser tries to find a good context for 
his/her problem, draws pictures, thinks through various situations  this is something common for all three groups. 
But in case of novices, the trial-error ideas are much more random. The novices often come with an idea, abandon it 
completely, start working with another one, etc. It seems they are not driven by any view of what their problem 
should look like  they randomly test various contexts in order to find whether or not they could form a good basis 
for their problem. The experts often come to an initial idea by trial-error process as well. But none of them came 
with more than two trial-error ideas of a completely different topic. (15 novices admitted thinking over several 
topics.) Sometimes it is quite difficult to decide whether the initial idea of an expert is a trial-error one. The topic 
may have been found randomly but the idea itself is quite concrete and elaborated. (For example, the expert rarely 
draws a picture of a square hoping that he/she will see something to pose a problem about. He/she usually draws a 
picture of a square because he/she wants to pose a problem about a rectangle inscribed into the square.) The amount 
of completely blind alleys is smaller for experts because they usually manage to put their idea into practice. 
I suppose both findings -oriented. This is the reason they rarely 
experiment totally blindly, they are able to finish their work. They can define the context of the problem well and 
are able to improve the problem up to perfection by using intentional ideas.  
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5.1. Case Study 
Next, a case study will be briefly presented in which all three idea types appear.  
The problem posing trajectory in Table 1 shows the problem posing process of Libor  a member of the team 
preparing problems for the Czech Mathematical Olympiad. Libor is 25 years old and he has been preparing 
problems for various mathematical competitions for 9 years now. (He was a mathematical secondary grammar 
school student when he started work in mathematical correspondence seminars; his work was so good that he was 
offered to become a member of the team preparing problems for a lower secondary school Olympiad.) The 
-reflection and an additional 
interview. The notes written in Italic are illustrations from his self-reflection (translated into English). 
He designed the following problem for 15-year-old students:  
 
Given is the square ABCD divided by two pairs of parallel lines into nine rectangles. (See Fig. 1.) In four of 
them, their area is given. Find the areas of the remaining rectangles if you know that the shaded shape is a square. 
 
 
Figure 1. The square 
 
Table 1. Problem posing trajectory of Libor 
 
Idea 
Type 
Idea Comments 
Semi-
intentio
nal idea 
 
 The idea is semi-intentional because the author 
refers to his older mathematical problem. Libor 
knows how the situation could work but he does 
not know what exactly he will want to ask about. 
 The idea is too easy to form a problem. 
 
der problem regarding 
divisibility... I drew such a picture and filled three 
 
Trial-
error 
idea 
 
 Libor tries what happens if there are 6 rectangles 
inscribed. 
 The solution is still too easy. 
 
rectangle, 3 x 2, and filled 
three fields with random numbers so that there was at 
least one number in every row and every column.  
12       2
15        18
12          b         18
15
a
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Trial-
error 
idea 
 
 What happens if there are 9 rectangles? 
 He comes to the conclusion that there is an 
infinite number of solutions. 
 
 
Semi-
intentio
nal idea 
 
 Is there any regularity? Could something  e.g., 
the total area  remain constant? 
 
 whole rectangle 
looks like, whether it happens to be constant or 
 
Trial-
error 
idea 
 
 What happens if we fill in different rectangles? 
 
with random numbers this time. ..  
Semi-
intentio
nal idea 
 
 He is testing various possible questions. 
 
other way (less disarranged) and expressed the area 
 
Semi-
intentio
nal 
ideas 
 
... 
 He is testing various distributions of numbers in 
the configuration. 
 He is testing what will happen if one of the 
quadrilaterals is a square.  
Intentio
nal idea 
 
 He is proceeding backwards: He already knows 
what information will be given  he just wants to 
find suitable numbers (the areas). He wants them 
to be natural numbers but he does not want the 
solution to be guessable so he wants the lengths 
of the sides of rectangles to work out irrational. 
 
systematically. I didn`t start with the area of the 
fields but with their sides. ... Thus I set all the lengths 
as kk ,3  
15
12            18
24
12      20     18
15
24
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Libor follows the problem posing trajectory from trial-error ideas up to intentional ideas. As suggested above, 
the first idea is difficult to code. Its substance is trial-error. (What about this shape? Could it provide a good context 
for a problem?) But Libor is clearly aware of its potential and knows from the very beginning how the problem 
should look, which shifts this idea into the semi-intentional level. The intentional idea is present at final stage of 
Libor  
6. Conclusions 
All the above-mentioned findings correspond with the model by Pelczer & Gamboa (2009). There are many 
more trial-error ideas different in topics  case. This corresponds with a linear problem posing process 
where a lot of ideas are thrown away without attempts to transform them. On the other hand, experts and specialists 
use transformations and follow the cyclic way  they do not abandon their thoughts so easily, they can even return to 
trial-error ideas in the middle of their work and start experimenting with other interesting questions the situation can 
provide. Intentional ideas can be viewed as one type of transformations. 
An interest -error initial ideas? Are 
they able to pose a good problem from every context? Or are they so skilled that their initial idea is always 
workable? This question will be one of the focuses of the second phase of the research. 
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